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1
LOW SKEW MINIMIZED CLOCK SPLITTER

FIELD

The present invention 1s directed to a clock generator for
producing two clock signals 180° out of phase. More
particularly, the present mvention 1s directed to a clock
splitter which produces multiple clock signals at different

phases having low skew between them where the generators
arc made of PMOS and NMOS transistors.

BACKGROUND

Many high speed signaling components in electronic
devices utilize a fast clock frequency. In such devices, 1t 1s
often necessary to have clock signals having different phases
but the same frequency. Often, the different clock signals are
generated from the same original clock signal but with one
inverted or otherwise phase delayed to obtain the necessary
phase difference. While such a simple approach produces a
suitable set of clock signals for many purposes, it 1s desir-
able to obtain clock signals having less skew for high speed
signaling devices.

Skew 1n this case 1s defined as being a measure of the
difference in the rising and falling edges of the output clock
signals from that which 1s desired. In particular, if the clock
signals are designed to be 180° out of phase, the rising edge
of one should be at the same time as the falling edge of the
other. Thus, skew 1s the measure of how far out of alignment
the two signals are relative to each other.

One type of disadvantageous arrangement 1s shown 1n
FIG. 1. In this arrangement of a loaded inverter chain, an
input clock signal 1s applied to two different paths of
iverters, one of which has an odd number of mnversions and
the other an even number. Thus, one of the output signals
will be 180° out of phase with the other due to the extra
inversion. Capacitive loads 12 are added to the inverter
outputs and are adjusted so that the total delay of the
inverting path matches the total delay of the non-inverting
path. While these two paths can be adjusted 1n this manner
to have an equal delay for a given set of parameters such as
voltage, temperature and process, these path delays will vary
under other parameters. This 1s because the load delay was
adjusted to equal the propagation delay through an mverter
but the inverter delay will vary differently than the wire or
load delay for different process corners. Accordingly, while
this arrangement can be suitable for some purposes, it does
not produce a stable low skew clock signal arrangement.

Another arrangement 1s shown 1n FIG. 2A and 1s known
as an exclusive NOR pair. In this arrangement the clock
signal forms one 1nput to each of two gates. The other input
to one gate is connected to a high voltage (VCC) while the
other mput of the other gate 1s connected to a low voltage
(VSS). Thus, since one input is always high or always low,
outputs are obtained in opposite directions from the two
cgates. An alternative arrangement has these gates being
exclusive OR gates.

FIG. 2B shows a exclusive NOR arrangement for one of
the gates 1n FIG. 2A. In this arrangement, A 1s the equivalent
of the “a” input of FIG. 2A, which 1s connected either to the
high or low voltage source. The B input 1s the same as the
“b” 1nput which 1s connected to the input clock signal. The
CO output 1s the same as the output “o” from the logic gates.
It 1s clear that the actual circuitry needed for the logic gate
1s reasonably complex and a number of transistors must be
used 1 order to make such a gate. More importantly,
because of the complexity of the device, 1t 1s difficult to
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balance the output to a high degree so that the skew between
the two clock signals 1s minimized. Such a logic tree shown
in FIG. 2B would be unbalanced with the A and B 1nput
devices being 1 series. A typical remedy 1s to add comple-
mentary series trees as shown 1n FIG. 2A. Delay differences
due to the A-input N-channel device being above the B-input
P-channel device would be complementary compensated by
the second series stack with the B mput, N-channel device
on top. The corresponding A and B P-channel devices are
already 1n parallel. Unfortunately, the inversion created by
transistors 20 and 22 1s not complementary compensated and
thus a delayed mismatch occurs between the two paths.
Trying to compensate for this inversion creates an even more
complex situation and more sensitivity to varying param-
cters.

Thus, 1t 1s clear that these disadvantageous arrangements
have limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and a better understanding of the present
invention will become apparent from the following detailed
description of example embodiments and the claims when
read 1n connection with the accompanying drawings, all
forming a part of the disclosure of this invention. While the
foregoing and following written and illustrated disclosure
focuses on disclosing example embodiments of the
invention, 1t should be clearly understood that the same 1s by
way of 1llustration and example only and that the invention
1s not limited thereto. The spirit and scope of the present
invention are limited only by the terms of the appended
claims.

The following represents brief descriptions of the
drawings, wherein:

FIG. 1 1s an example disadvantageous arrangement useful
in gaming a more thorough understanding of the present
mvention;

FIG. 2A 1s an example disadvantageous arrangement
useful 1n gaining a more thorough understanding of the
present 1nvention;

FIG. 2B 1s a more detailed showing of the example
disadvantageous arrangement shown in FIG. 2A.

FIG. 3 1s an example advantageous embodiment of the
present 1nvention.

FIG. 4 1s an example of a layout arrangement of the
advantageous embodiment shown in FIG. 3.

FIGS. 5-7 show waveforms of various signals within the
advantageous embodiment device of FIG. 3.

DETAILED DESCRIPTION

Before beginning a detailed description of the subject
invention, mention of the following 1s in order. When
appropriate, like reference numerals and characters may be
used to designate identical, corresponding or similar com-
ponents 1n differing figure drawings. Further, 1n the detailed
description to follow, example sizes/models/values/ranges
may be given, although the present invention 1s not limited
to the same. Still further, the clock and timing signal FIGS.
are not drawn to scale, and 1nstead, exemplary and critical
time values are mentioned when appropriate. With regard to
description of any timing signals, the terms assertion and
negation may be used 1n an intended generic sense. More
particularly, such terms are used to avoid confusion when
working with a mixture of “active-low” and “active-high”
signals, and to represent the fact that the mmvention 1s not
limited to the 1illustrated/described signals, but could be
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implemented with a total/partial reversal of any of the
“active-low” and “active-high” signals by a simple change
in logic. More specifically, the terms “assert” or “assertion”
indicate that a signal 1s active independent of whether that
level 1s represented by a high or low voltage, while the terms
“negate” or “negation” indicate that a signal 1s 1nactive. As
a final note, well known power/ground connections to ICs
and other components may not be shown within the FIGS.
for simplicity of illustration and discussion, and so as not to
obscure the invention. Further, arrangements may be shown
in block diagram form in order to avoid obscuring the
invention, and also in view of the fact that specifics with
respect to 1implementation of such block diagram arrange-
ments are highly dependent upon the platform within which
the present 1invention 1s to be implemented, 1.e., such spe-
cifics should be well within purview of one skilled 1n the art.
Where specific details (e.g., circuits, flowcharts) are set forth
in order to describe example embodiments of the invention,
it should be apparent to one skilled in the art that the
invention can be practiced without, or with variation of,

these specific details.

FIG. 3 shows an example advantageous device according,
to one embodiment of the present mvention. The clock
ogenerator or clock splitter 30 includes three stages. Stage
one, 40, 1s an input buffer. Stage two, 50, 1s the splitter. Stage
three 1s the output buffer 60. Splitter 50 includes a single
stage bufler 52 and a constricted mverter 54. The output

buffer 60 1ncludes two bufters 62 and 64.

An mput clock signal CLKIN 1s received from a clock
source. It 1s desired to produce two output clock signals
having the same frequency as the input but being 180° out
of phase and with low skew between the two output signals.
Skew 1s a measure of the difference in the rising and falling
cdges of the output clock signals from that desired. In
particular, it is desirable, since the clock signals are 180° out
of phase, that the rising edge of one be at the same time as
the falling edge of the other. Skew 1s the measure of how far
out of alignment the two signals are.

In order to reduce the skew, it 1s preferable to match as
closely as possible the delay time 1n the two branches of the
splitter. This 1s accomplished by first having circuits which
arc balanced 1n a fashion so that the time spent within
corresponding parts of the circuitry are the same on each
branch and secondly that the metal paths in the layout are
matched so that the time necessary for traveling between
stages on the die 1s also the same 1n both paths. Both of these
concepts are involved 1n the present advantageous example.

Input buifer 40 receives the CLKIN signal which 1s the
original signal for the splitter. The signal 1s applied to PMOS
device 42 and at the same time applied to NMOS device 44.
(PMOS FETs are indicated with small circles at the gate
electrode). PMOS device 42 is also connected at one termi-
nal to VCC, which 1s the high logic voltage level for the
system and may be 1.8 volts, for example. The third terminal
of the PMOS device 42 1s connected to the output line
CLKINNN of the mput buffer stage. NMOS device 44 1s
connected on one terminal to a voltage source VSS, which
1s the low logic level for the system and 1s typically ground.
The other terminal 1s connected to the output line
CLKINNN. In operation, the input clock signal 1s applied to
the gates of both PMOS device 42 and NMOS device 44 at
the same time. Depending on whether the clock signal 1s at
a high or low point, one of these two transistors will be
turned on and the other turned off. When this happens, the
output line of the input buifer will be connected to either
VCC or VSS, depending on which of the two transistors are
conducting. However, this buffer acts as an inverter so the
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output 1s the mverse of the input signal. This buifer is
essentially a standard CMOS 1nverter. However, the two
transistors are sized relative to each other (i.e. in proportion)
to give equal rise and fall edge rates.

The output signal from the 1nput buffer 1s applied to both
parts of splitter 50 1n the second stage, namely the single
stage bufler 52 and the constricted inverter 54. Since the
same signal 1s applied from the nput buffer, as long as the
delay through the two metal paths (i.e. from the output of
buffer 40 to the mput of 52 and from the output of buifer 40
to the input of 54) are equal, they will arrive at the same time
at the two ports.

The single stage buffer includes NMOS device 51 and
PMOS device 53. The NMOS transistor 51 1s connected to
VCC at one terminal and the output line for the buffer at the
other terminal. PMOS device 53 1s connected to VSS or
oround at one terminal and the same output line at the other
terminal. This buffer 1s similar to a regular inverter such as
input bufler 40 except that the position of the NMOS and
PMOS transistors are reversed. Thus, the NMOS transistor
1s used as a pull up while the PMOS 1s used as a pull down.
This structure passes an 1nput signal without mversion but
provides a similar delay to that of a regular imverter.
However, the output of this single stage buffer does not go
rail-to-rail, 1.e. does not go completely from VCC to VSS.
The output voltage 1s limited by the threshold voltages of the
non-ideal NMOS and PMOS ftransistors. PMOS transistors
are 1nefficient at discharging a capacitive node, whereas
NMOS ftransistors are inefficient at charging a capacitive
node. This explains why the outputs of each of the single
stage bufler and constricted 1nverter are not full swing. Thus,
the output voltage of the signals range from (VSS+Vt)) to
(VCC-Vt).

At the same time, constricted imnverter 54 includes PMOS
transistors 55 and 57 and NMOS transistors 56 and 58. The
transistors 35 and 58 act as a regular inverter and are coupled
in a similar fashion to the iverter described 1n the input
buffer 40. However, the two transistors 56 and 57 act as
threshold voltage droppers. Thus, they follow 1n the switch-
ing direction, but prevent the output from ranging all the
way to VCC and VSS by dropping the threshold voltage.
This 1s the meaning of the word “constricted” inverter, since
the output voltage 1s constricted by the threshold voltage. In
so doing, the output voltage follows that of the output of the
single stage buifer. These transistors also ensure that the
delay through the single stage buffer matches the delay for
the constricted 1inverter. However, the output of the former 1s
a non-inverting output whereas the output of the latter 1s an
mverted output.

The third stage 1s an output buifer 60 including two
buffers 62 and 64. These two buflers are substantially
identical to each other. Each 1s an inverter and includes
complementary NMOS and PMOS devices. Since these two
buffers are substantially identical 1n construction, the delay
and the operation of the devices are substantially 1dentical so
that the skew with respect to the two output signals CLK-
OUT and CLKOUTNN will not be affected by the operation
of these buflers. Accordingly, if the two signals from the
second stage have substantially no skew with respect to each
other and 1dentical paths are provided to the third stage, the
third stage outputs will similarly have substantially no skew
with respect to each other. The outputs of the two buffers 62

and 64 are CLKOUT and CLKOUTNN, which are inver-
sions of each other (or 180° out of phase).

By utilizing properly sized transistors in relation to each
other, the delay 1n the two branches due to the operation in
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the transistors can be matched. In addition, it 1s necessary to
match the delay caused by the metal paths on the die. In
addition, the delay 1s matched by having all of the devices
oriented 1n the same direction and having devices
symmetrical, that 1s replicated rather than mirrored. The
transistors are replicated rather than mirrored because 1n the
fabrication process there 1s often some variation along the X
and Y directions. By having the transistors replicated rather
than mirrored, the variation between locations 1s limaited.
Likewise, the metal traces forming the conductive paths are
replicated as to length and total area in order to have similar
delays.

FIG. 4 shows a layout of the metal paths 1n the advanta-
geous example such as shown 1n FIG. 3. In this layout 70,
various parts of the metal tracings can be seen. The hori-
zontal section 1dentified as 71 1s the path through the 1nput
butfer 40 which carries the original signal CLKIN and which
carries out the output signal of the first stage, CLKINNN. At
its right hand end, section 71 splits into two vertical sections
which correspond to the path which carries the signal to the
two parts of the second stage. Thus, section 72 carries the
signal to the single stage bufler while second 74 carries the
signal to the constricted inverter. Section 76 carries the
output of the single stage builer to stage three buffer 62.
Likewise, section 78 carries the output of the constricted
inverter to the stage three butfer 64. Section 80 then carries
the output signal CLKOUT while section 82 carries output
CLKOUTNN. As can be seen, these various sections are
matched in length 1n order to obtain substantially the same
delay through the two different paths.

By matching both the delay lines and the transistor
operations, the skew 1s completely independent of variations
in voltage temperature and manufacturing process. That 1s,
any changes 1n these parameters will result in the same
changes to both paths, thus limiting the skew. In addition,
this device provides a simple circuit with a very small layout
and a small number of transistors. In addition, because of the
small size 1 layout it can be used at several different
locations within a chip to provide local clock/inverted clock
pairs so that i1t 1s not necessary to try to distribute the
inverted clock across the chip. Thus, the various benelits are
obtained by the use of the circuitry, i addition to the low
skew 1nverted clock output.

FIGS. 5, 6 and 7 show waveforms of various signals
within the splitter device. In particular, FIG. § shows the
input clock signal CLKIN which varies between 0 and 1.8
volts. FIG. 6 shows the two outputs of stage two that are
inverses of each other. As can be seen 1n FIG. 6 the outputs
range between 0.4 volts on the low end and about 1.5 volts
on the high end. It can be seen that these voltage values are
recached after the transistors have switched a single time
which indicates the threshold voltage effect and indicates
simulation 1nitialization time. FIG. 7 shows the final outputs
of the device, CLKOUT and CLKOUTNN. These inverted
clock signals extend from O volts to 1.8 volts, approximately.
As can be seen, the skew of these output signals 1s very low
and the rising and falling edges match very closely.

The clock splitter having low skew can be used anywhere
where 1t 1s desired to have a clock signal/inverted clock
signal pair where accuracy 1n the skew 1s important. Thus,
this could be used 1n various types of integrated circuits,
especially in computers and other high speed equipment. It
would also especially be likely to be used 1n high speed
signaling components where a fast clock frequency 1s used.
It 1s further likely to be used 1 logic and custom design
utilizing a clock/inverted clock pair for latch or flip-tlop
interleaving. Accordingly, the present invention may be
utilized any time where accuracy and high speed signaling,
1s desired.
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What 1s claimed 1s:
1. A clock splitter, comprising:

an 1nput buffer for receiving an 1nput clock signal;

a non-1nverting single stage butler, the single stage bufler
having a limited output voltage swing;

a constricted inverter having an output inverted voltage
swing constricted substantially to a same range as the
output voltage swing;

an output of the mput buffer provided as an mput to both
the single stage buffer and the constricted inverter;

a first output buifer and a second output bufler, the first
output buffer having an input coupled to an output of
the single stage bufler, and the second output buffer
having an 1mnput coupled to an output of the constricted
inverter.

2. The clock splitter according to claim 1, wherein an
output clock signal 1s formed at the output of the first output
buffer and an output inverted clock signal 1s formed at an
output of the second output buifer, the output clock signal
and the output 1nverted clock signal having substantially
zeroed skew with respect to each other.

3. The clock splitter according to claim 1, wherein the
input buffer, the first output buffer and the second output
buffer are CMOS Inverters.

4. The clock splitter according to claim 1, wherein the
single stage buifer includes an NMOS device coupled to
VCC and a PMOS device coupled to VSS to produce a
non-inverting output.

5. A clock splitter comprising;

an 1nput buller for receiving an 1nput clock signal;
a single stage builer:
a constricted 1nverter,

an output of the input buifer forming an input to both the
single stage buffer and the constricted inverter;

a first output buffer and a second output buifer, the first
output buffer having an mput coupled to an output of
the single stage buffer, and the second output buifer
having an mput coupled to an output of the constricted
mverter;

wherein the constricted inverter includes a first PMOS
device coupled to VCC and a first NMOS device
coupled to VSS, and a second NMOS device coupled to
the first PMOS device and a second PMOS device
coupled to the first NMOS device.
6. The clock splitter according to claim 1, wherein the
input butfer, single stage butfer, constricted inverter and first
and second output buffer are formed of PMOS and NMOS
transistors which are sized relative to each other to give
equal rise and fall edge rates.
7. The clock splitter according to claim 1, wherein metal
traces 1n the signal paths through the clock splitter, of the
clock and 1mnverted clock signals, are matched in length and
arca so as to produce substantially equal delays.
8. A method of making a clock splitter, comprising;:
providing a non-inverting single stage bufler, the single
stage bufler having a limited output voltage swing;

providing a constricted imnverter having an output inverted
voltage swing constricted substantially to a same range
as the output voltage swing;

providing substantially matched transistors in the single
stage buffer and the constricted inverter to produce
equal rise and fall edge rates and to match a delay time
within the single state buffer with a delay time 1n the
constricted inverter;

providing substantially matched metal trace lengths so as
to produce substantially similar delays 1n signal paths
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for outputs from the single stage buifer and the con-
stricted 1nverter.
9. The method according to claim 8, further comprising:

providing an input buffer for receiving an mnput clock
signal and providing a common clock signal to the
single stage buffer and constricted inverter.

10. The method according to claim 8, further comprising:

providing a first output buifer and a second output bulifer,
the first output buffer receiving an output from the
single stage buffer and the second output buifer receiv-
ing an output from the constricted inverter.

11. The method according to claim 8, wherein the single
stage bufler includes an NMOS device coupled to VCC and

a PMOS device coupled to VSS.
12. A method of making a clock splitter, comprising;

providing a single stage buffer and a constricted inverter;

providing substantlally matched transistors in the single
stage bulfer and the constricted inverter to produce
equal rise and fall edge rates and to match a delay time
within the single state buffer with a delay time in the
constricted 1nverter;

providing substantially matched metal trace lengths so as
to produce substantially similar delays 1n signal paths
for outputs from the single stage buffer and the con-
stricted inverter;

wherein the constricted inverter includes a first PMOS
device coupled to VCC, a first NMOS device coupled
to VSS, a second NMOS device coupled to the first
PMOS device and a second PMOS device coupled to

the first NMOS device.
13. A clock splitter apparatus comprising:

a non-1nverting single stage bufler, the single stage butfer
having a limited output voltage swing;

a constricted inverter having an output mverted voltage
swing constricted substantially to a same range as the
output voltage swing;

a first mput to provide an input clock signal to both the
single stage buffer and the constricted inverter;

a clock output coupled to the output of the single stage
buffer to provide an output point for a clock output
signal; and

an 1nverted clock output coupled to an output of the
constricted 1nverter to provide an output point for a
clock 1nverted output signal.

14. The clock splitter apparatus according to claim 13,
wherein the dock output signal and the inverted clock output
signal have substantially zeroed skew with respect to each
other.

15. The clock splitter apparatus according to claim 13,
wherein the single stage buffer and constricted inverter
include PMOS and NMOS ftransistors which are sized in
regard to each other to give equal rise and fall edge rates, and
which cause similar delay times in the single stage bufler
and the constricted inverter so as to produce substantially
zeroed skew.

16. The clock splitter according to claim 13, wherein the
single stage builer includes an NMOS device coupled to
VCC and a PMOS device coupled to VSS.

17. A clock splitter comprising:

a single stage bulifer;
a constricted 1nverter;

a first mput to provide an input clock signal to both the
single stage buffer and the constricted inverter;

a clock output coupled to the output of the single stage
buffer to provide an output point for a clock output
signal; and
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an mverted clock output coupled to an output of the
constricted inverter to provide an output point for a
clock inverted output signal;

whereimn the constricted inverter mcludes a first PMOS
device coupled to VCC, a first NMOS device coupled
to VSS, a second NMOS device coupled to the first
PMOS device and a second PMOS device coupled to
the first NMOS device.

18. The clock splitter according to claim 13, further
comprising;

a first output buffer and a second output buffer, the first
output buffer receiving the output of the single stage
buffer and having an output coupled as the clock
output; said second output buffer having an input
coupled to the output of the constricted mnverter and an
output coupled as the mverted clock output.

19. A clock Sphtter accordmg to claim 13, further com-
prising an input bufler to receive the 1nput clock signal and
to produce an output coupled to the mput of both the single
stage bulfer and constricted inverter.

20. A method of producing a clock/inverted clock signal
pair, cComprising;

providing a non-inverting first part to produce a clock
output signal, the first part having a limited output
voltage swing;

providing a constricting/inverting second part to produce
an 1nverted clock output signal, the second part having,
an output mverted voltage swing constricted substan-
tially to a same range as the output voltage swing;

delaying the clock output signal and the mverted clock
output signal equally 1n the first and second parts by
providing matched transistors in the first part and the
second part;

delaying the clock output signal and the mverted clock
output signal substantially equally in signal paths lead-
ing through the first part and the second part by
matching signal path lengths and areas; and

with the clock output signal and the 1nverted clock output
signal having substantially zeroed skew 1n relation to
cach other.

21. The method according to claim 20, further compris-

Ing:

providing an iput buffer for receiving an input clock
signal and providing a common clock signal to the first
part and the second part.

22. The clock splitter according to claim 1, wherein the
constricted mverter includes a first PMOS device coupled to
VCC and a first NMOS device coupled to VSS, and a second
NMOS device coupled to the first PMOS device and a
second PMOS device coupled to the first NMOS device.

23. The method according to claim 8, wherein the con-
stricted 1nverter includes a first PMOS device coupled to
VCC, a first NMOS device coupled to VSS, a second NMOS
device coupled to the first PMOS device and a second
PMOS device coupled to the first NMOS device.

24. The clock splitter according to claim 13, wherein the
constricted inverter includes a first PMOS device coupled to
VCC, a first NMOS device coupled to VSS, a second NMOS
device coupled to the first PMOS device and a second
PMOS device coupled to the first NMOS device.

25. An mtegrated circuit comprising;:
a clock splitter, comprising:
an 1nput buffer for receiving an mput clock signal;
a non-inverting single stage buifer, the single stage
buffer having a limited output voltage swing;
a constricted inverter having an output inverted voltage
swing constricted substantially to a same range as the
output voltage swing;
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an output of the mput buffer provided as an input to
both the single stage buffer and the constricted
inverter;

a first output buffer and a second output bufler, the first
output buffer having an input coupled to an output of
the single stage buifer, and the second output buffer
having an input coupled to an output of the con-
stricted 1nverter.

26. The mtegrated circuit according to claim 25, wherein
an output clock signal 1s formed at the output of the first
output buifer and an output mverted clock signal 1s formed
at an output of the second output buffer, the output clock
signal and the output 1mnverted clock signal having substan-
tially zeroed skew with respect to each other.

27. The mtegrated circuit according to claim 25, wherein
the constricted inverter includes a first PMOS device
coupled to VCC and a first NMOS device coupled to VSS,
and a second NMOS device coupled to the first PMOS
device and a second PMOS device coupled to the first
NMOS device.

28. The mtegrated circuit according to claim 25, wherein
metal traces 1n the signal paths through the clock splitter, of
the clock and iverted clock signals, are matched in length
and area so as to produce substantially equal delays.

29. An electronic device comprising:

a clock splitter, comprising:
an 1mput buffer for receiving an mput clock signal;
a non-inverting single stage buifer, the single stage
buffer having a limited output voltage swing;
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a constricted mverter having an output mverted voltage
swing constricted substantially to a same range as the
output voltage swing;

an output of the 1put buffer provided as an input to
both the single stage buffer and the constricted
inverter;

a first output bufier and a second output buffer, the first
output buffer having an 1input coupled to an output of
the single stage buffer, and the second output buffer
having an input coupled to an output of the con-
stricted 1nverter.

30. The electronic device according to claim 29, wherein
an output clock signal 1s formed at the output of the first
output buffer and an output inverted clock signal 1s formed
at an output of the second output buffer, the output clock
signal and the output inverted clock signal having substan-
tially zeroed skew with respect to each other.

31. The electronic device according to claim 29, wherein
the constricted inverter includes a first PMOS device

coupled to VCC and a first NMOS device coupled to VSS,
and a second NMOS device coupled to the first PMOS
device and a second PMOS device coupled to the first
NMOS device.

32. The electronic device according to claim 29, wherein
metal traces 1n the signal paths through the clock splitter, of
the clock and mverted clock signals, are matched in length
and area so as to produce substantially equal delays.
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